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SUMMARY 


An inveetlgatlon has been conducted to determine the aerodynamic 
characteristics of a tandem wing configuration# The configuration had a low 
forward mounted sweptback wing and a high rear mounted sweptforward wing 
Joined at the wing tip by an end plate, the investigation was conducted at a 
Mach number of 0.30 at angled, of attack up to 20^. A comparison of the 
experimentally determined drag due to lift characteristics with theoretical 
estimates Is also included. 

the results of this study Indicate that the complete configuration first 
exhibits wing flow separation at a fairly low angle of attack, about 6**, and 
complete wing stall at about 12*’. The complete configuration exhibits a 
linear pitching moment coefficient up to wing stall above which a sharp nose 
down pitching moment occurs. The wing camber surface, which was designed to 
produce a zero pitching-moment coefficient at the design lift coefficient, 
resulted in a complete configuration With a small positive pitch. The tandem 
•;lng conligurutlon did produce a lower drag due to lift than a single element 
wing having the same span and area. The complete configuration exhibits 
directional stability and positive dihedral effect throughout the test angle- 
of-nLt uk range. 

INTRODUCTION 

The National Aeronautics and Space Administration is currently 


conducting wind tunnel studies to provide infor.iatlon for use in developing 
airplane concepts which possess desirable stability, control, and performance 
characteristics over e wide range of flight conditions. The present paper 



discusses a tandofli wing concept, wbieh was first studied at tbe Langley 
Reseorch Center in the 1950‘s as a moans of achlovlng good stability attd 
control characteristics, (See ref, 1,) The results of that study wore not 
promising, primarily because of the interference effects between the wing 
tips. Recently Interest has been renewed in this wing concept as a result of 
the Increased perfojrmance potential (suggested by the Lockheed Corporation) 
that may be realized from its application to either flghter-or transport-type 
aircraft. It can be demonstrated theoretically that the drag due to lift of 
a wing with a fixed span requirement can be decreased by splitting the wing 
into a tandem wing arrangement. There are also indications that the tandem 
wing concept may offer some structural advantages when the wings are joined 
at the tip by forming a box~type structure, as well as offering possible 
control advantages. There are, obviously, many unknowns in a design of this 
type which are beyond the scope of this paper and will not be discussed. A 
dlscosoion of the application of this wing to transonic transport concept is 
presented in reference 2, 

•Iho purpose of 1 his paper was to study the tandem wing configuration to 
ascertain if the reduction in drag due to lift suggested by theory could 
Indeed be obtained. A second purpose was to validate a recently developed 
computer program whldi described the camber lines of the multiple lifting 
surfaces. 

Tlie study was conducted in the Langley high-speed 7- by 10-foot tunnel 
at a Mach number of 0.30 and at angles of attack up to 20®. 
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SYMBOI.S 


. ^ I • 
\ 


The result fl ns presontod nr© referred to the stnblUty nxls system 
with the exception of the lift and drag coefficients, which are referred to 
the wind axis system. The moment reference center was located at a point 
40.022 inches rearward of the nose along the model reference lines (see 
figure 1). 


A 

b 

C. 


wing aspect ratio • 

wing reference span, 12.0 inches 

drag coefficient. Drag 

qS 


m 


% 


lift coefficient. Lift 

qS 

pitching moment coefficient, Pitching moment 

qSc 

effective dihedral parameter, 9C^ , per deg. 

w 


3C 

directional stability parameter, n, per deg. 

33 

3C 

3 side force parameter, y , per deg. 

^3 93 ■ 


local wing chord, Inches 


wing mean geometric chord, 6.96 inches 
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L/D lift-drag ratio, ^ 

s 

2 

q frce-atream dynamic pressure, Ibs/ft 

2 

S wing reference area, 1.14 ft. 

X distance behind leading edge of wing, inches 

y distance from fuselage center dine (measured spanwise), Inches 

Z wing airfoil ordinate, inches 

a angle of attack, deg. 

3 angle of sideslip, deg. 

n nondimensionalized spanwise station, 

Subscripts 

1 lower 

u upper 

MODEL DESCRIPTION 

A three-view drawing of the model studied is presented in figure 1 and 
a photograph of the model in figure 2. The model as illustrated in figure 1 

consists of a simple fuselage with two swept wings joined at the wing tip by 

an end plate. The tandem wing planfortn was formed by splitting an aspect 
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ratio 3,30 wing In half (down the- 50 porcont chord line) to form two wlnp, 
planforma and staggorlng tho wlngB such that the low forward wing la awopt 
back and the rear high wing Is swept forward. The wln#a wore camborod and 

twisted, (design lift coefficient of 0.33) witlv a thickness ratio of 6 
percent. Ordinates for the cambered airfoils are presented in Tables I and 
II. The wing panels were jointed at the tip by a flat end plate, having 
beveled leading and trailing edges, A leading edge maneuvering device was 
simulated by attaching a thin piece of methl to the wing, as shown in 
figure 1. The simulated flap was deflected 20® with respect to tho wing 
chord plane. 

WING DESIGN PROCEDURE 

The main camber surface of the wings was designed by using procedures 
of reference 3 foi" a design point corresponding to a lift coefficient of 
0.35 at a Mach number of 0.30. The following items v;ere a part of the design 
considerations. 

i. Pitching moment is zero at the design lift coefficient. 

2 The vortex drag was minimized for the tandem wing combination at the 

design lift coefficient. 

3. Span loadings on each wing were specified to be composed of the 
following forms: 

V 1 - n^ , n^ Vl - and n^ - n^' 


The coefficients were set to match the pitching moment coefficient 
and lift coefficient constraints and drag minimization. 



4< ThO chord loodifiRO roinalnod unehnngad in ahapo over the. wlnga and 
wore of connfeoat amplitude over the firnt SO percent of the chord, 
The loadlngB varied linearly over the romnlnder of the chord to 
Koro at the trailing edge. 

TEST AND CORRECTIONS 

The Inveetlgotion was conducted in the Langley high-speed 7- by 10-foot 
tunnel at a Mach number of 0.30 corresponding to a Reynolds number per foot 
of 1.94 X 10^ » The angle of attack varied from -2° to 20 at sideslip angles 
of 0* and +4*. Transition strips 1/8 Inches wide of No, 100 carborundum 
grains were placed at 0.45 inch strearawiso from the leading edge of the 
wings, end plates and vertical tail, and 1.0 Inch behind the nose of the 
fuselage. 

Corrections to the model angle of attack hove been made for deflections 
of the balance and sting support system due to aerodynarnlc load. Pressure 
meosurtments obtained from orifices located within the fuselage base cavity 
were used to adjust the drag coefficient to a condition of free-atream 
static preaauce nt the model base. 

Jet boujidary and blockage corrections were found to be negligible and 
wore *toc applied to the data. 

PRESENTATION OF RESULTS 

The basic, longitudinal aerodynamic characteristics are presented in 
figures 3 through 6, the major results auimt«ri7.ed in figure 7, and three 
latera.l -directional characteristics In figure 8. As an aid in locating a 
particular part of the data, the following list of figures is presentcdi 
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Figure 

Effect of model componentR on lonp,ltudinnl 

aerodynamic eharncterlot I ch. (Forward wlnR 

removed fir fit) 3 

Effect of model componunte on lonRltudlnnl 

aorodynamica character! at ica. (Roar wing 

removed first) ^ 

Effect of wing end plates on the longitudinal 
aerodynamic characteristics, 5 

Effect of wing leading edge flaps on the 

longitudinal aerodynamic characteristics. 6 

Cotircarlson of experimental with estimated data 

(eoi! i>lates off). ^ 

Effect of model modification on the lateral- 

<: i.ri'etionul characteristics. 8 

RESULTS AND DISCUSSION 

The effects of the various model components on the longitudinal 

aerodynamic characteristics of the configuration are presented in figures 3 

(forward wing removed first) and 4 (rear wing removed first). The data for 

the complete configuration llluatratus that flow separation first occurs on 

0 

the wing at a fairly low angle of attack, about 6 , with complete wing stall 

O 

occurring at approximately 12 . The complete configuration exhibits a linear 
pitching moment coefficient up to wing stall above which a sharp nose down 
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pitching mojnorvt accurn. It ohoulcl be notnd that the conllp,uratlon with the 
roar wing only (forward winp, rotnovod) oxhtbXta a pitch-up (aco flRuro 3) at 
wing fltnli aa doou thu conClRuration wJth thv» forward wing only (upo figuro 4). 
The tandem wing combination, howcvc'r, 1,1 luntroteii a noac down pitching moment. 

The tandem wing combination wan dealgned and conncrtictcd without any 
conMlderatlon given to the doolgn or lutogratlon of the end platen with the 
wings. Thu prlmtiry uffeets of these end plates* as would be expected (see 
figure 5)* la to incrcaae the drug over the cfttlre lift coefficient range and 
reduce the stability level slightly. With proper integration ^hat is, 
cambering and twisting the end plates considering the interference effects of 
the wing on the end plates and the end plates on the wing), the end plates 
should provide a reJuetlon in the drag due to lift of the configuration. 

The tand ' ro wing combi nation (without end plates) was designed to produce 
•Ak'.T' pit c.fijnp , lament coefficient at the design lift coefficient. As lllus- 
tiauocl !)v the ua.,a of figure 5, {;ero pitching moment coefficient occurred at 
'I I'ft ceeificlent of about 0.30. The fuselage used during this study was 
conaidtirab’ V longer than the fuselage used in the design of the configuration. 
The .'euget iuselage accounts for about half the positive pitching moment that 
is soon L>> vuribi. at the design lift coefficient. 

Leading'^edge flap deflection by delaying flow separation over 
the wing, resulted In an Increase In lift at the higher angles of attack 
accompanied by the expected decrease In drag due to lift. F4Von though 
the drag due to lift was decreased, the maximum lift drag ratio 
remained approximately the same. 



A pvopoply dofllRnod tnndriiu wlnp confiRurnUon nhouia oxliibit IbwiT cirnp 
duo to lift thnn n nluRlo olomont wln» linvlnp tho tmiiiP npnn or nron. TIk> 
thoorotlcnl ootlmnton (mndo unluR proooduron of roforonof! 1 nnd proHontcd In 
figure 7) lUuntrnto tho nuignltudo of tiui expootod rodmU Jon, Tlu> nolld lino 
in tho OHtlinuto for tlio tandem wIur conf Igurnt U)n and the daulnul lino for the 
conflRuration with tho anpoct rntio 3.5 wing (wlnp, with name npun and area an 
tho tandem wlnga). Thu drag at »ero lift, In thoae oatlmatoH, waa obtained 
by uaing tho oxpurimentul drag data for the? fuselage and vertical tall and 
an ostlmate of the friction plus form drag for the wings. 

The ejperlmental data agrees extremely well with the estimated data up 
to lift coefficient slightly above the design lift coefficient. Above the 
design lilt coefflclenl flow separation occurs on the wings and the drag 
increases dr.'Stlcally. The implication of these data is that the computer 
pi-ograi.' s indeed a viable tool to use in the design of optimum wing shapes 
tor specif 1g aircraft concepts. These data also Illustrate the potential 
reduction in drag which is obtained, for wings with a fixed span, by 
utilicing the tandem wing concept. 

The complete configuration exhibits directional stability and positive 
dJ ledral affect throughout the test angle of attack range. Removing the 
end plates results In a positive Increment in C through out the test angle- 
of-attack range. It Is not particularly surprising that the end plates 
contribute a dcstabllliJittg moment since the surfaces are located 
relatively far forward on the fuselage, ’ 
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OONCLUHTONR 


A wind tunnui ntudy hmi bnon jmido bo tU'tormlno ttu' rn’roclynarolr’ 
ehnrnotorionen ol; n tnndom wIiib conf iRurntlon. An n rnmiU of thin 
pro^raifti novn»?nJ conoluoiono can bu mado: 

1, Thu cnropicto oonflRurution flrat cxhlbltn wing flow aoparatlon at 
a fairly low anglu of attack, about 6 , and cotnpluto wing atall 
at about 12 . Tho coniplutc conflgur<itlon uxhibltu o limmr 
pitchiag-moment coufCiciont up to wing stall above which a sharp 
ftor,u down pitching (noment occurs. 

2. The wing camber surface, which was designed to produce a aero 
pitch ii.tg“moment coefficient at the design lift coefficient,- 
resulted in a joinplet.e configuration wltn a small positive pitch. 

The Kindem wing configuration did produce a lower drag due to lift 
than a single element wing having the same span and area, and the 
.••xperitiiental data agreed extremely well with the theoretical 

c'it tmate.. 

4, The co'.iiv>lete configuration exhibits directional stability and 

positive dihedral effect throughout the test angle -of -attack range. 
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